abstract Kellerová d., Janík r., 2013. ground level ozone effects in individual growth phases of central European submountain beech forests. Ekológia (Bratislava), vol. 33, no. 1, p. 93-100, 2014. we observed ground level ozone concentrations on a series of five beech experimental plots, one representing the original stand and the other four generated and modified by cuts of graduated intensity. The study was carried out in a beech ecosystem in the Kremnické vrchy mts, the western carpathian region, in years 1999-2008. The plots, established in 1989, were evaluated and compared statistically before and after the cutting modification in 2004. The level of significance of the effect of this intervention was 99% on the plot representing small-area clear-cut and on the plot treated with medium cut. differences, though not significant, were also found in the other plots. apart from the effects due to the stocking reduction, the whole post-intervention period was characterised with the influence of progressively increasing average air temperatures and similarly increasing ozone concentrations. globally, the ozone concentrations on all plots were lower (average value 39 µg m 
Introduction
one of the cardinal environmental problems in central Europe is the occurrence of episodes with high ground level ozone concentrations adversely affecting all components of living environment (Bytnerowicz et al., 2002; muzika et al., 2004; Karlsson et al., 2007; sanz et al., 2007; EEa, 2010) . agents promoting ozone formation are mono-nitrogen oxides (no x ) and volatile organic compound (voc) emissions, high air temperature, high solar radiation, cloudless days and frosts (castell et al., 2008; Šec et al., 2007) . more frequently occurring are periods of extreme drought on the one hand and, torrential rains and floods on the other. ozone has adverse destructive effects on vegetation, and also on broadleaf and coniferous trees (Šach, Černohous, 2005) , by affecting biochemical processes in plant assimilatory or-gans and by lowering their photosynthetic rate. The first symptom of damage is, in general, a loss of chlorophyll manifested through chlorosis, later through drying of plant tissues (mikkelsen et al., 1995) . The leaf area is reduced, and so is assimilation. Then follows reduction of internodia number and length, and reduction of leaf number and size. The structure of above-ground plant parts is modified. limited vital functions may have adverse affects on plant root systems and on the ecosystem's stability as a whole. apart from natural and anthropogenis factors, the stability of ecosystems is influenced by their structure and composition, by management ways or interventions into stand development and by stand regeneration processes. woody plants in ecosystems are fixed to their site for 100 or more years, so the factors influencing forests in the individual phases of their growth are necessary to recognise and regard. The goal of our research was to indicate and statistically evaluate ozone concentrations over time (10 years) and over space across environmentally differentiated conditions (beech stands diversified by cutting in management process).
Material and methods
our study ran on a series of monitoring plots in a beech ecosystem in the Kremnické vrchy mts (φ = 48°38'10˝n, λ = 19° 04'08˝E), of the western carpathian region, in years 1999-2008. The monitoring plots, five in number, were generated by shelterwood cutting interventions with graduated intensity, in the year 1989. The original stand (os) is without any intervention either at the establishment of series or since then. The dominant woody plant on this plot is beech (Fagus sylvatica l.), with a cover of 94.7%. The other four plots created by cutting in February (greguš, 2007) represented a small-area clear-cut (sc), heavy cut (hc), medium cut (mc) and light cut (lc). The second shelterwood stocking-modifying cut-series was applied in spring 2004 (Barna, 2008) . details about the stand modification on particular plots are provided in The plots with dominant beech are situated at spacing of 50-110 m (Fig. 1) on a slope at 480-510 m a.s.l. The slope is west-facing, with an inclination of 30 to 36% (schieber, 2007) . In 1989 (first cutting intervention), the stand age was 80-90 years. *Barna 2008 **In the second intervention in year 2004, the plot generated with heavy intervention in 1989 was not a clear-cut with respect to the parent stand, as at that time there had been created a natural understorey (small-pole stage).
The climate in the Kremnické vrchy mts is moderately warm and moderately humid. The long-term mean annual air temperature is 8.2 °c, and in the growing season 14.9 °c. The annual total precipitation ranges from 510 to 1040 mm, and in the growing season from 160 to 530 mm (Kellerová, dubová, 2002; Janík, 2006) . creating respectively, degree of ground level ozone formation is a very complex process. horizontal formation takes place with the assistance of precursors from European sources, vertical from the free troposphere, and from natural sources (isoprenes, terpenes from forests). The monitoring plots are not under direct impact of pollutants nor are they extremely influenced by pollution from remote sources. at a closer distance, three stationary energyproducing units are situated in the zvolenská kotlina basin: an industrial park, a system of highways and a railway crossing. under appropriate weather situation (anticyclones), these units can cause airborne pollution to the plots. The input of airborne pollution into the Kremnické vrchy mts is discussed in dubová, Bublinec (2006) and in Janík et al. (2011) .
The effects of ozone on submountain beech forests were evaluated by the alternative method of passive samplers. Identification of ground level ozone concentrations in localities technically less accessible but vulnerable to airborne-pollutants can possibly be done using the manual sorption-accumulation method proposed by werner (werner, 1991; hangartner et al., 1996; werner et al., 1999) . ozone concentration is given in standard units of ppb or in converted µg m -3 per day. From the daily values, we calculated the annual characteristics. The measurements were carried out in summer, from april to september, at regular intervals (from 7 to 10 days). Passive ozone collectors are placed on each face of two parallel, of 1.5 m above the surface. operation is simple and the results obtained are comparable with continuous analyzers (cox, 2003; de vries et al., 2003; Bytnerowicz et al., 2004) . The disadvantage of this method is that it does not follow the 24-hour o 3 concentrations. The stands have fully developed leaves generally from may and maintain them to the end of growing season in september (schieber, 2006) . more details about the method are provided in Kellerová (2002) . In 2004, the second intervention was accomplished into the stands, so the samplers were removed and no measurement was performed over the whole growing season of 2004.
statistical characteristics of measure and position were calculated and the tests were performed using the software package statistica v 7. The normalness of distribution was tested with the shapirowilk w test. The significance of differences of basic sets among the monitoring plots was evaluated with the student's t-test for independent variables. The results were also verified using the software package statgraphics.
Results and discussion
The basic aim of this research was to investigate differences in ground level ozone concentrations among several stand types growing in very similar conditions but differentiated by their stocking density, a small-area clear-cut included. Individual differences in ground level ozone concentrations observed in this five-year period followed similar courses on all plots (Fig. 2a) . This fact has also been confirmed by statistical testing of differences between the mean annual ozone concentrations within individual plots where these differences were found insignificant.
conversely, the impact of management intervention in 2004 was evident on the smallarea clear-cut and on the plot with medium cut, at a 99% significance level. very close dependence of ozone concentration on cutting intervention, with a correlation coefficient of 0.94, was confirmed on the plot with medium intervention. on the other plots, the cutting impact was not confirmed at such high significance level.
In general, the ozone concentrations in years 1999-2003 were lower on all plots (mean value 39 µg m . on almost all plots, these values manifested by 5-10% more variability before than after the cutting intervention (table 2) .
In years 2004-2008, the highest mean ozone concentrations were measured in year 2007: 87 µg m -3 on the small-area clear-cut and 88 µg m -3 on the plot with light cut (Fig. 2b) . apart from the modified density, influence of mean temperatures was expressed in this period, manifesting a progressive increase almost over the whole period. while the mean annual temperature in 2005 was 7.9 °c, in 2008 it was 9.7 °c. The highest mean summer tempera- . similar concentrations were measured at the same time in identical altitude areas in the czech republic (hůnová et al., 2012) . The average ozone concentrations measured at EmEP and the regional stations on the territory of slovakia in those years ranged from 59 (in 2004) and 62 µg m -3 in 2007 (shmÚ, 2011). For the central European submountain and high-mountain areas, two ozone maxima in a year are typical (Kremler, 2002; Bytnerowicz et al., 2004) . The first one usually occurs in spring (april, may), the second in summer (July, august). These maxima are mostly episodes with very high ozone concentrations considered as more dangerous for woody plants than long periods with only slightly elevated concentrations (mortensen et al., 1995) . maximum values measured in april-september varied from 36 to 140 µg m -3 , which is typical for the summer throughout central Europe (Fig. 3) . The number of extreme ozone events, exceeding the allowable limit some high mean values of ozone concentration recorded on the plots mean that beyondlimit concentrations may have been persisting in the stands for several days, as the mean daily temperature was calculated from samples exposed in the field for a week. appealing is the fact that under such extreme situation, ozone damage to vegetation may generate in course of a few hours.
despite several extreme situations in years 1999 and 2003, the ozone concentration values did not differ much among the plots in this period: The highest values, representing 22% of the total amount deposed on all plots, were systematically recorded on the small-area clearcut covered with a thicket 10-15 years aft er the establishment cutting. Th e woody plants in the thicket stage are the least resistant against ozone damage. Th e lowest concentrations (18%) were recorded on the plot treated with light cutting intervention (Fig. 4) .
aft er the second intervention, in years 2004-2008, the highest ozone concentrations (25%) were again measured on the small-area clear-cut. Th e lowest value, 16%, was obtained on the plot established by heavy cut, on which all trees in 2004 were in rotation maturity, and as such were removed. at that time, however, the plot had been already covered with forest stand at small-pole stage. aft er the modifi cation in 2004, some, but not many, trees in rotation maturity were left on the plots established by medium and by light shelterwood cut (table 1) . Th e former small-area clear-cut, covered in 2004 by a thicket, showed ozone concentration values very similar to the values in the original parent stand without intervention. Th e higher ozone concentrations in the mature forest stand and in the young, developing forest (thicket) may be, theoretically, diff erent from anthropogenic and natural factors (air temperature and humidity etc.), due to emissions (vocs) of isoprenes and terpenes -well-known ozone precursors. Th e forests are the dominant source.
Conclusion
Th e ground level ozone measurements performed over 10 years on monitoring plots with graduated stocking density in the Kremnické vrchy mts have delivered a large piece of data about o 3 generated in the growing season, from april to september. The changes in ozone concentrations were evident after removing additional trees from the stands, according to the forest management plan. The influence of management intervention on ground level ozone concentration was also concluded as being associated with temperature change recorded recently. It means that, especially in years 2004-2008, ground level ozone concentrations were increasing due to the increasing mean air temperature.
over the whole research period, the concentration values were systematically highest on the plot where is was last mined in 1989, is formed new forest stand and in the study period was in the thicket stage.
adverse fact for central European beech growths is that, the number of overruns between 1999 and 2003 was 10, and in the period 2004-2008 went to an extreme of up to 17.
From the results of research to see that conditions for the formation of ground level ozone at the same time on the areas with varied intensity stocking may be different, what is the most showed and statistically confirmed in the years following immediately after the management intervention.
